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The time taken for a forced expiration can be measured easily with stopwatch and stethoscope. Over the last 30 years many observers have been attracted by this simplicity and have proposed a number of uses for forced expiratory time (FET) as a lung function test. Recently, McFadden and Linden (1972) and Cochrane et al. (1974a) have drawn attention to FET as a possible measurement of obstruction to airways of less than 2 mm internal diameter. Both groups suggest a good correlation between FET and other tests of small airways obstruction. Since smokers appear to develop small airways obstruction before standard spirometry becomes abnormal (McFadden and Linden, 1972) , a simple small airways test might show which smokers are most likely to develop chronic airways obstruction (Cochrane et al., 1974b) and be of use in epidemiological surveys. Previous tests of small airways disease-frequency dependence of compliance (Macklem, 1972) , closing volume (McCarthy et al., 1972) , and maximal expiratory flow at 50% of forced vital capacity (McFadden and Linden, 1972) or at 75% of forced vital capacity (Mead et al., 1967 )-all depend on complex equipment and so are limited to specialized laboratories. On the other hand, FET would be very valuable in small airways disease if it proved to be relevant and reliable. This paper analyses FET reliability in three ways: (1) how FET varies when measured by different observers, at different times of day and after repeated attempts at the test; (2) how FET variability compares with that of other lung function tests measured simultaneously; and (3) how well FET correlates with established tests of airways obstruction.
METHODS
Three studies were performed. In all three, clinical FET was measured using a stethoscope diaphragm placed over the sitting patient's upper trachea in the suprasternal notch. The time taken for a forced expiration was measured with a stopwatch graduated in 0-2 second. (FEV,) , forced vital capacity (FVC), and spirometric FET. Clinical FET was timed by two observers (JBM and a technician), one measuring each of the two manoeuvres on each occasion. Log (FET) was again used as the FET variable except where noted. The variation for each respiratory measurement in an individual patient was assessed by its coefficient of variation (standard deviation/mean). The coefficient of variation for each measurement, averaged over the 25 subjects, was then used as an index of variability.
As a more fundamental criterion is a test's ability to discriminate between two subjects, the spread of FET between one patient and another (the 'between-subject' variability) was calculated and from it the ratio of 'within-subject' variation to 'between-subject' variation, an index of a test's practical value.
CORRELATION BETWEEN FET AND ESTABLISHED
TESTS OF AIRWAYS FUNCTION Two methods of assessment were used. In the first, correlation coefficients were calculated between the mean FET and the mean values of MEF,O, MEF, FEVY, FEVI/FVC, and PEFR. In this study, we have included the 25 subjects in the variability study and have added 30 subjects (22 patients, 8 normals) whose clinical and spirometric FET and flow-volume curves were measured in the course of routine lung function testing. The correlations are thus based on 55 subjects (37 patients, 18 controls) (Table I ). For ease of calculation, FET rather than log (FET) was used.
To aid comprehension of the practical importance of a given correlation coefficient p between two variables, we have also calculated the extent to which fixing one variable will reduce the standard deviation (SD) of estimates of the other variable.! Unless this SD reduction is substantial, correlation between the two variables will be unimportant practically.
Finally, correlation coefficients within each subject were calculated, that is, between the small changes in each patient's FET, MEF,O, and MEF5, from one expiratory attempt to another, using figures from the 25 subjects in the variability study. For ease of calculation, FET rather than log (FET) was used. RESULTS Table II shows the effect on FET of the time in the day at which the test was done, the order of blow from first to fourth each time, and the four different observers. The time of day is seen to have a significant effect on FET variability in three of 0-4. The reduction in standard deviation on fixing one variable is small for correlations between flow rates and FET, indicating that these correlations are of little practical importance.
FACTORS AFFECTING REPRODUCIBILITY
(b) Correlation of 'within-subject' changes Table V 
DISCUSSION
Forced expiratory time is potentially attractive as a lung function test in that it requires no laboratory equipment whatsoever. Its concept is not new, and its evolution has been gradual. Gross (1943) measured the time taken for expiration and, with Gaensler (1951) and Franklin et al. (1955) , emphasized the importance of volumetime curves. Both Roy, Chapin, and Favre (1955) and Comroe (1955) associated a long FET with airways obstruction. This idea was developed by Rosenblatt and Stein (1962) and by Lal, Ferguson, and Campbell (1964) , who showed that, of simple spirometric tests, FET correlated best with FEV,/FVC. As the concept of small airways disease developed, both McFadden and Linden (1972) and Cochrane et al. (1974a) suggested that FET might be a useful index of small airways obstruction in the patient with normal spirometry.
In the assessment of FET as a test of airways obstruction three aspects should be considered. First, it must be shown to be a reliable test. This means that it must be easy to measure consistently and that it should vary no more than other similar tests. Secondly, it should discriminate between normal and abnormal subjects, as defined by other similar tests. Thirdly, it should correlate with other tests that are used for measurement of airways function.
Consistency was analysed in our first study, which showed that FET reproducibility was very little affected by observer error or by up to four attempts at the test. In only three of 21 patients was time of day significant in increasing FET variability. Observer-patient interactions were also unimportant. FET The high correlation between clinical and spirometric FET found in the present series (0 94) agrees well with the figure of 0-89 calculable from the data of Lal et al. (1964) . Both studies provide good evidence that the clinical method is an acceptably accurate technique for measuring spirometric FET. The closely parallel behaviour of FETC and FETS in our other calculations confirms this. To test the possibility that clinical FET measured normally differs from clinical FET measured while blowing into the spirometer, these tests were carried out by eight further patients and four normal subjects. No significant difference was found between the two techniques.
Different studies have shown a normal range for FET between about 15 and 4-5 seconds (Table VI) Present study 3-6 ±0-8 10 Cochrane et al. (1974a) 3-7 ±0-8 ? McFadden and Linden (1972) quite exceptional to find a patient with an FET longer than 5 seconds who does not have respiratory disease. The clinical usefulness of the test is not therefore in doubt. The studies reported here do, however, cast doubt on its potential value as a suitably reproducible test for the detection of subjects with early airways disease in epidemiological surveys. Whether FET will prove of value as a test of small airways obstruction awaits further study, but its variability and its poor correlation with MEF,o and MEF7, suggest that it will not.
